A good correlation was found to exist between the serologically determined presence of enterobacterial common antigen (ECA) and the amount of the rare sugar constituent D-mannosaminuronic acid. Strains classified by serological techniques as ECA+, ECA-, and ECA" were found to possess the expected amounts of mannosaminuronic acid in the ECA-enriched phenol-soluble PL-L fractions. This correlation provides strong evidence on the identity of the mannosaminuronic acid-glucosamine polymer with the ECA as defined by Kunin (J. Exp. Med. 118:565-586,1963 (6, 20, 28) , and recently bacterial agglutination has also been used, although the latter method is only applicable to enterobacterial R mutants (18) . The recent isolation of ECA from Salmonella montevideo SH94 and the identification of its chemical structure as a polymer of N-acetyl-D-glucosamine and N-acetyl-D-mannosaminuronic acid (16, 17) made it possible to screen a number of strains for the presence or absence of ECA. To prove the validity of this approach, we have tested a number of strains, classified by the passive HA assay as ECA-, ECA+, or ECAt', for the presence of these ECA constituents. The excellent correspondence between the two methods supports the results on the chemical nature of ECA described above, which are important proof for the identity of the isolated ECA (12).
The enterobacterial common antigen (ECA) described by Kunin in 1963 (8) is a typical component of enteric bacterial cell envelope. Until recently, the presence of ECA was determined indirectly because the structure and composition of the antigen was not known. Passive hemagglutination (HA) has been the usual method for testing the ECA content of respective strains (9, 29) . Immune precipitation in agar gels served as an alternative detection method (6, 20, 28) , and recently bacterial agglutination has also been used, although the latter method is only applicable to enterobacterial R mutants (18) . The recent isolation of ECA from Salmonella montevideo SH94 and the identification of its chemical structure as a polymer of N-acetyl-D-glucosamine and N-acetyl-D-mannosaminuronic acid (16, 17) made it possible to screen a number of strains for the presence or absence of ECA. To prove the validity of this approach, we have tested a number of strains, classified by the passive HA assay as ECA-, ECA+, or ECAt', for the presence of these ECA constituents. The excellent correspondence between the two methods supports the results on the chemical nature of ECA described above, which are important proof for the identity of the isolated ECA (12) .
The strains used for this investigation are genetically related derivatives of three Sabnonella serotypes (see Table 1 ); those mutants were obtained by slightly different procedures based on the recently acquired knowledge of the genetic determinations of ECA (12) .
Three types of mutants defective in ECA have been detected in Salmonella and Escherichia coli (11, 13, 26) . Both rffand rfe mutations block the synthesis of ECA. The rfe gene function is also required for the biosynthesis of the 0-specific polysaccharide part of the cell wall lipopolysaccharide (LPS) in most but not all serotypes. Salnonella of group B (O antigens 4, 12) do not require the rfe function for 0-chain synthesis: rfe mutants in this group are smooth (S), with complete LPS, but ECA-. By contrast, rfe mutants in both S. montevideo (group C, 0 antigen 6, 7) and S. minnesota (group L, 0 antigen 21) are rough (R), unable to synthesize complete LPS, and also ECA-.
In addition, some gene or genes in the rfb cluster, which is the main determinant of the 0-specific polysaccharide, are required for ECA production in group B of Salmonella (14) . Thus, S. typhimurium with a large part of its rfb genes deleted or replaced by the rfb genes of group C organisms are ECA" by the HA method. Although the immediate products of the rfe and the ECA-determining rib genes have not been identified, strains with various combinations of rfe and rfb loci from groups B and C, respectively (abbreviated here as B-rfe, etc.), behave as if the C-rfe locus would contain the information which in group B is divided between the B-rfe and the B-rfb loci. Hybrid strains which are genotypically C-rfe+ are also ECA+, irrespective of the rfb locus, whereas B-rfe+ strains are ECA+ in combination with B-rfib but not with C-rfi- (11, 14) .
MATERIALS AND METHODS
The bacteria used in this study were previously described S. montevideo, S. minnesota, and S. typhimurium strains representing ECA+, ECA-, and ECA Ce categories; their properties are described in Table 1 . For extraction of ECA, cultures were grown in a fermentor at 370C at a constant pH of 7.2. The detailed conditions for growth and the medium used have been described previously (25) . 348 Isolation and purification of ECA. The procedure employed was recently described in detail (16) . Briefly, bacterial cells were extracted by a combined hot phenol-water extraction (27) and PCP (phenolchloroform-petroleum ether) fractionation (5 (12) , and some (less than 0.2%) of phenol-soluble material was obtained. The material from the wild-type strain was a potent inhibitor (at <0.25 ,ug/ml) in the HAI test, whereas material from SH3465 was unable to inhibit the ECA-specific HA reaction even in a very high concentration (>250 ,ug/ml).
Equal amounts of hydrolyzed PL-L material from both strains were then analyzed by highvoltage electrophoresis. The material from SH94 contained large amounts of glucosamine (GlcN) and mannosaminuronic acid (ManNUA), whereas the SH3465 material showed only small amounts of GlcN (so little that it could have derived from contaminating LPS) and no ManNUA or its lactone (Fig. 1) .
Second, we measured the acetyl content in the PL-L fractions of SH94 and SH3465. In ECA from S. montevideo SH94, all amino sugars have been shown to be N-acetylated, and the total acetyl content amounted to 13% of ECA dry weight (16) . Table 2 shows a large difference between the strains in the acetyl content, mainly due to N-acetyl. These chemical results parallel the serological findings: SH3465 is ECA negative in the serological assay, and contains very few constituents typical to the isolated ECA from S. montevideo SH94 (no ManNUA, little GlcN and N-acetyl). The PL-L fraction from one of these ECA+ recombinant strains (S. minnesota SH5641) was purified further. The ECA activity was eluted with 1.0 M ammonium acetate-methanol buffer from the diethylaminoethyl-cellulose column as was the case with ECA isolated from S. montevideo SH94 (16) . The isolated material was compared with the similarly purified ECA from S. montevideo SH94 in immunoelectrophoresis.
Both gave an identical precipitation pattern with the E. coli 014 antiserum (17) .
The LPS did not seem to interfere with either the serological or chemical assays for ECA. Both of the tested ECA+ and ECA-strains included smooth forms with complete LPS and rough forms with an incomplete core (chemotype RcP-) (see Table 1 ).
S typhmunurium rf and rlb deletion mutants. As described by Miikela et al. (14) 
